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CHAPTER I
INTRODUCTION

Heat Stress
Dairy cows in the Southeastern US are subject to long periods of great ambient
temperature and relative humidity, resulting in heat stress and often-severe losses in
production and profit for dairy farms. These losses (without heat abatement) averaged
approximately $2.4 billion across all industries and between $897 million to $1.5 billion
annually to the dairy industry, with decreased animal performance, increased mortality,
and decreased reproductive ability were the most prevalent losses (St-Pierre et al., 2003).
Temperature humidity index (THI) has been established to account for the combined
effects that temperature and humidity have on animals (Kadzere, 2002; Ravagnolo and
Mistzal, 2000; NRC, 1989). Heat stress begins to affect dairy cows when THI is 72 or
greater or temperature increases past the comfort of the animal’s thermal neutral zone
(Figure 1.1; West, 2003; Kadzere et al., 2002). In Mississippi and other parts of the Deep
South, this can result in more than 100 days of heat stress per year, making heat stress
alleviation and quantification a priority for dairy producers (West, 1999; Lee, 1965). In
addition to prolonged periods of heat stress, random episodes of heat stress also pose a
large threat as the animal is not allowed to adjust physiologically to these conditions
(Beede and Collier, 1986). Heat stress generally results from a negative balance between
the total energy flowing from the animal to the environment and the amount of energy
1

(heat) produced by the animal. This imbalance can result from a combination of changes
in the environment (sunlight, thermal radiation, and/or air temperature), the animal itself
(rate of metabolism, moisture loss), and thermoregulatory mechanisms (conduction,
radiation, convection, evaporation; St-Pierre et al., 2003). A dairy cow in the United
States, on average, spends 14.1% of its annual hours under heat stress, but in the Deep
South that number is increased to nearly 50% (St-Pierre et al., 2003). Beede and Collier
(1986) identified three key strategies to aid in the alleviation of thermal stress on cattle:
1) physically modifying the environment, 2) genetic development of heat tolerant cattle
breeds, and 3) improved nutritional management practices. The effects of heat stress to
the dairy industry are vast, and alleviation is most often realized through environmental
modifications. This, however, does not negate the losses that dairy cattle suffer from
decreased nutrient availability which makes improving nutrient utilization during times of
severe heat stress a top priority for the dairy industry (West, 1999).
Effects of Heat Stress on Milk Production
Dairy cows suffer a loss of milk production due to heat stress. In southern states
such as Mississippi, lactating dairy cows suffered a loss of milk production of up to 2,072
kg/cow/yr and spent nearly 50% of all annual hours under thermal stress (St-Pierre et al.,
2003). Multiple studies have been conducted and have demonstrated that increased
ambient temperatures or a lack of heat abatement decreased milk production from 9 to
more than 40% (Rhoads et al., 2009; Igono et al., 1992; Ray et al., 1992; Fuquay, 1981;
Maust et al., 1972; Moody et al., 1967; Regan and Richardson, 1938). In addition to
decreased milk yield, cows subject to heat stress also had lower milk components during
heat stress. Milk fat decreased by 9.7% (Maust et al., 1972) and milk protein and non-fat
2

solids also decreased (Moody et al., 1967; Regan and Richardson, 1938). Much of this
decrease in performance can be best attributed to decreased dry matter intake and feed
efficiency in the summer months. Feed intake begins to decrease and maintenance
expenses of the animal begin to increase at THI > 77 (Kadzere et al., 2002; National
Research Council, 1989). Utilization of nutrients by stressed animals is negatively
affected by decreased dry matter intake, positively affected by decreased rate of passage
of feedstuffs in the gut, and negatively affected by reduced blood flow to and nutrient
absorption from the alimentary tract during heat stress. Negative influences greatly
outweigh the positive influence of decreased rate of passage, resulting in less available
nutrients to the heat stressed animal (Beede and Collier, 1986). Previous studies have
shown that decreased DMI of 35% or more can be expected during periods of heat stress
(Rhoads et al., 2009; De Rensis and Scaramuzzi, 2003; Hahn, 1999; Maust et al., 1972;
Moody et al., 1967) and at 40°C intake can be expected to decline by as much as 40%
(Kadzere et al., 2002; National Research Council, 1989). Time spent eating per day was
decreased by 1.5 hours during heat stress (Hahn, 1999; Perera et al., 1986), which
indicated that meal events were limited by increased THI (Eigenberg et al., 1998). In
addition, feed efficiency decreased by 15% during periods of increased THI (McDowell
et al., 1976; Moody et al., 1967). Energy utilization also decreased when McDowell et
al., (1969) housed Holstein cows (45 through 90 DIM) in 32.2 ̊ C compared to 20 ̊ C,
even when those cows were supplemented with additional saturated fat. Milk production
in mid-lactation cows decreased by 59 kg/cow compared to an increase of 58 kg/cow in
early-lactation during thermal stress (P < 0.05; THI = 38.8 vs. THI = 71.5). These results
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indicated that mid-lactation cows may react more severely to increased THI compared to
early-lactation cows (Perera et al., 1986; Maust et al., 1972).
Fluctuations in THI are reflected in the cow via physiological markers such as
skin surface temperature, rectal temperature, respiration rate, and heart rate. Skin
temperatures, taken near the rump have shown a 0.39 ̊ C increase in skin temperature for
every degree increase of ambient temperature (Perera et al., 1986). Rectal temperature is
an indicator of thermal balance and can be used to determine the effect the environment
has on growth, lactation, and reproduction for dairy cows. A 0.55 ̊ C change in rectal
temperature can have decrease milk yield and total digestible nutrient intake by 1.8 and
1.4 kg, respectively (P < 0.01), making rectal temperature a sensitive indicator of heat
stress (Johnson, 1980; Johnson et al., 1963). For every degree increase in ambient
temperature, an increase of approximately 0.20 ̊ C in rectal temperature and 1.74
breaths/min can be expected within the cow (P < 0.01; Marcillac-Embertson et al., 2009;
Nardone et al., 1997; Perera et al., 1986; Collier et al., 1982b). Breaths/min began to
increase above 60 at ambient temperatures greater than 25 ̊ C during times of elevated
THI (P < 0.01; Berman et al., 1985). These increases in metabolic stress resulted in less
time spent lying and decreased eating time (4.2 hr vs. 5.6 hr, P < 0.01). Frequency of
defecation, drinking, and urination were also increased with THI (Perera et al., 1986).
Blood gas was also affected by heat stress. Blood pH and partial pressure of CO2
(pCO2) were decreased in animals experiencing heat stress (Schneider et al., 1988). Blood
pH plays a factor in respiration. Blood pH less than 7.4 stimulates respiration and blood
pH greater than 7.4 decreases it. A pCO2 concentration below 40 mmHg also stimulates
respiration whereas increased concentrations inhibit it. Metabolic disorders and health
4

problems (i.e. rumen acidosis and death) are also affected by pCO2 concentrations
(Kadzere et al., 2002) which coincides with previous research (West, 1999; Collier et al.,
1982a). Bicarbonate (HCO3-) and pCO2 are at a constant ratio of 20:1, and when pCO2
concentrations are decreased due to thermal stress, the kidney secretes HCO3-. As a
result, HCO3- is decreased as urinary pH is increased due to increased HCO3- secretion
into the urine (Kadzere et al., 2002).
The term cation-anion balance is used to refer to the physiological
interrelationships among Na, K, and Cl (Leach, 1979). Electrolyte concentrations, in
particular, Na and K, are reduced in the rumen fluid and blood of heat stressed cattle
because of the increased loss of Na in the urine and K in the sweat (Schneider et al.,
1988; Tucker et al., 1988)
A study was conducted by Wheelock and others (2010) to determine the effects of
heat stress on energetic metabolism, DMI, and milk production of bovine. This study
used 22 multiparous, lactating Holstein cows that were randomly assigned to 1 of 3
experimental periods for 7 days. The three separate treatments included 1) 7 days of ad
libitum feed intake and thermo neutral (THI = 64) conditions; 2) 7 days of either heat
stress (THI ranged between 72.4 and 82.2) and ad libitum intake or being pair-fed in
thermo neutral conditions; and 3) 7 days of both heat stress and ad libitum feed intake or
being pair-fed in thermo neutral conditions. Results indicated an increase in rectal
temperature and respiration rates by cows under heat stress. DMI and milk yield were
decreased by 5.03 and 6.18 kg/d, respectively by heat stress (P < 0.01)
A vast majority of the metabolizable energy available to ruminants is in the form
of volatile fatty acids (VFA) from ruminal fermentation of carbohydrates. Increased THI
5

has been shown to decrease total VFA produced in the rumen (Gengler et al., 1970).
However, reduced VFA production in the rumen cannot be solely attributed to decreased
DMI as cows force-fed through cannulas continued to have reduced VFA production
upon having DMI similar to cows in thermo neutral conditions (Kelley et al., 1967).
Under heat stress, total VFA, acetic acid, and propionic acid production was reduced
(Table 1.1) and was not regained by increasing the plane of nutrition (Kelley et al., 1967;
Moody et al., 1967).
Another study conducted at the USDA Animal Physiology and Genetics Institute
in Beltsville, MD observed differences due to climatic effect at calving on Holstein cows
in their first lactation. This trial analyzed 281 Holstein, first-lactation heifers from 1952
to 1961. Cows were housed indoors continuously except for 3 hours per day when let out
to an outdoor exercise lot. Cows calving in the winter months of January and February
had increased milk yield by 996 kg (P < 0.05), increased milk fat percentage (4.22 vs.
3.96; P < 0.05), and increased gross feed efficiency by 14% (.82 vs. .72 kg yield/kg
energy consumed; P < 0.05) compared to herd mates calving in the summer months of
July and August. It was noted that climate appeared to have the greatest effect during the
first 60 days of lactation (McDowell et al., 1976).
McDowell (1969) and others conducted another study involving twelve Holstein
cows 45 to 90 d post-calving. Cows were housed in either thermo neutral (15-24 ̊ C) or
heat stressed (32.2 ̊ C) environments. Cows under thermal stress had 4.0% increased
hematocrit values and decreased total serum plasma by 6.3 g/100ml compared to cows
housed in thermo neutral conditions. These results can be explained by increased water

6

movement through the body, decreased intake, and decreased digestibility during times of
elevated THI.
Wolfenson (1988) and others examined 84 gestating Holstein cows and
determined the effect of heat stress during gestation on the newborn calf. Cows were
either subjected to increased ambient temperatures (31 ̊ C) native to the Israeli desert or
cooled (25 ̊ C) prior to parturition. Older cows subjected to heat stress had calves with
decreased birth weights (38.3 vs. 45.9 kg, respectively; P < 0.01) than calves born to
cooled dams. These cooled cows also had an increase in milk production of 3.5 kg
milk/d (P < 0.01) over their respective lactations.
Body weight at the onset of lactation (along with milk production) has increased,
making combating heat stress more difficult for dairy cattle (Kadzere et al., 2002;
Heinrichs and Hargrove, 1987; Davis and Hathaway, 1956; Ragsdale, 1934). Larger
animals with increased production under heat stress (THI = 84) consumed between 15.06
and 17.99 L/d (P < 0.01) more water compared to control animals (THI = 64) to deal with
the faster dehydration that resulted from that stress (Kadzere et al., 2002; Bernabucci et
al., 1999; Nardone et al., 1997; Perera et al., 1986; Maltz et al., 1984; McDowell et al.,
1969; Moody et al., 1967).
Effects of Heat Stress on Reproduction
Extensive research was also done on the effect of heat stress on reproductive
qualities in Holstein cattle. Cows subjected to increased THI in the summer months had
compromised fertility (Moberg, 1976; Thatcher, 1974; Ulberg, 1958) which resulted in
greater uterine temperatures (Moberg, 1976; Thatcher, 1974). Cows that dealt with
greater THI near insemination had decreased conception rates (Gwazdauskas et al., 1975;
7

Ingraham et al., 1974; Thatcher, 1974) and decreased estrus intensity (Jordan, 2003;
Moberg, 1976; Pennington et al., 1985; Gwazdauskas et al., 1981) through decreased
mounting activity (Pennington et al., 1985) and increased incidences of anestrous and
silent ovulations (Gwazdauskas et al., 1981). Cows combating heat stress also had shorter
gestation lengths which resulted in compromised calf birth weights (Fisher and Williams,
1978). Heat stressed cows were also at a disadvantage by having increased calving
intervals (Ray et al., 1992), an increased interval between calving and first ovulation
(Jonsson et al., 1997), and increased services per conception (Ray et al., 1992). Follicular
dominance and development was compromised in summer months, which caused a
decrease in large dominant follicle expression and increased survivability of medium-size
subordinate follicles (De Rensis and Scaramuzzi, 2003; Jordan, 2003; Roth et al., 2001;
Badinga et al., 1993). Bulls subjected to heat stress also had decreased semen quality and
production (Ulberg, 1958).
Summary
Physical modification of the environment has been proven to decrease the
negative effects associated with an elevated THI (Marcillac-Embertson et al., 2009).
Physical alleviation methods are not an option on all farms, and do no account for the
lack of nutrient utilization that results from a lack of DMI. Genetic development of heat
tolerant breeds can take generations for results to become available; so more focus must
be placed on nutritional management of cows during times of heat stress. The effects of
nutritional management of the lactating and dry dairy cow have been studied in detail due
to the vast and costly effects heat stress can have on the animal during those times. The
8

seldom-understood effects of increased THI on the growing heifer have been seldom
studied and open up another avenue for gains in terms of heat stress alleviation.
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Heat stress effects on VFA concentration in lactating Holstein cows.
Treatment1

Total VFA,
Acetic,
Propionic,
µEq/L
µEq/L
µEq/L
1A
95.2a
59.6a
20.8a
Moody et al., 1967
2A
85.2b
53.1a
16.9a
x
x
1B
147.9
94
33.3x
Kelley et al., 1967
2B
66.3y
47.2y
10.6y
1
a,b
1A = 19.5 ̊ C; 2A = 32.2 ̊ C, 60% relative humidity; 1B = 18.2 ̊ C; 2B = 37.7 ̊ C; Means within a column in a particular study with
different superscripts differ (P < 0.05); x,yMeans within a column in a particular study with different superscripts differ (P < 0.05)

Table 1.1
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Relationship between the animal’s body temperature, heat production, and
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Figure was modified from a figure found in a review done by Kadzere and others (2002)
.

11

CHAPTER II
REVIEW OF LITERATURE

Effect of Heat Stress on Dairy Heifers
Heifers generate far less metabolic heat than cows, have a greater surface area
relative to body mass, and in turn would be expected to suffer less from heat stress (West,
2003). Perhaps this is why heat stress of heifers has been seldom studied. However,
calves are affected by heat stress both during gestation and after birth, and ignoring this
has been detrimental to dairy producers. Cows subjected to heat stress during the last few
weeks of gestation had calves with decreased birth weight by 6 to 10% (West, 2003;
Collier et al., 1982b) and decreased mature weights averaging 16% (West, 2003) even
when sired by the same bull (National Research Council, 1981). Growth of heifers in the
southern US decreased by 8 kg/yr in young stock and 18 kg/yr in bred heifers when
subjected to heat stress (THI > 77) compared to control heifers (St-Pierre et al., 2003;
Collier et al., 1982b; Thatcher, 1981). Dry matter intake (DMI) was reduced by 0.8
kg/day in heifers experiencing increased THI (THI = 84). Dry matter intake can be
expected to decline by 50% in the state of Mississippi when the daily mean THI reaches
77 (St-Pierre et al., 2003).
Heat stress was determined to have the most significant effect during the first
week of exposure, and for new born calves, this first week is the most important in terms
of building up immunity to pathogens (McDowell et al., 1969). Perhaps this is why the
12

most detrimental effect of heat stress in newborn calves was on health and immunity.
Studies have shown that cows have had decreased average colostrum IgG by 819 mg/d
(22.3%) when subjected to heat stress at the end of gestation (Nardone et al., 1997). This
resulted in decreased passive transfer and compromised serum IgG concentrations in
calves (Nardone et al., 1997; Stott et al., 1976). This disadvantage of reduced serum IgG
was seen through day 10 postpartum and resulted in 8 more deaths by 20 d in the heat
stressed group (P < 0.01; Stott et al., 1976). Heat stress also decreased IgA, lactalbumin,
serum protein, and total protein concentrations in the blood and serum of newborn calves
(Kume et al., 1998; Nardone et al., 1997; Donovan et al., 1986). Kume (1998) and others
reported that these decreased concentrations were a result of the effect heat stress had on
the dam during late gestation.
Results of biochemical indicators of energy metabolism by calves differed from
the results found for cows. Studies conducted with cows have shown decreased NEFA
concentrations (Table 2.1; P < 0.01) and varying results in blood glucose during heat
stress. Heifers had increased NEFA (P = 0.03) and BHBA (P = 0.04) concentrations with
decreased plasma glucose (P = 0.08) during periods of increased THI (Wheelock et al.,
2010; Rhoads et al., 2009; Nardone et al., 1997). These results indicated moderate energy
deficiency in calves. During periods of nutritional deficiency, tissue lipolysis is
increased. This is one of several mechanisms that lactating cows use to conserve glucose
for repartitioning to the mammary gland to help maintain milk synthesis in times of
nutrient deficit (Rhoads et al., 2009). It was speculated that NEFA and BHBA
concentrations failed to increase in heat stressed cows because adipose tissue
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mobilization creates heat and evolutionary mechanisms have stopped that process from
occurring (Wheelock et al., 2010).
Spain and Spiers (1996) determined that heat stress was realized by calves
through elevated rectal temperature (38.9 vs. 39.0 ̊ C), skin temperature (35.7 vs. 38.0 ̊
C), and respiration rate (47.3 vs. 57.7 bpm) . Results from another study suggested that
calves subjected to increased THI displayed less vigor (Wolfenson et al., 1988).
Increased serum corticosteroid concentration were also observed showing further
example of the stress calves endured in summer months (Stott et al., 1976).
Kelley (1982) and others conducted an experiment assessing the effects of chronic
heat stress on dairy calves. Fifty-six Holstein calves, averaging 10 d old, were allowed to
adjust to normal housing conditions (21 ̊ C) for two weeks. Calves were exposed to
constant hot (35 ̊ C), constant cold (-5 ̊ C), or constant thermo neutral (23 ̊ C)
temperatures in controlled chambers. Heat stressed calves had an increased mortality rate
compared to calves subjected to thermo neutral conditions. Fourteen days after birth,
IgG1 was decreased (27%) in calves exposed to constant heat when compared to the
calves exposed to thermo neutral conditions (26.0 vs. 34.8 mg/ml, respectively; P < 0.05).
IgM1 concentrations were also decreased compared to calves housed in a thermo neutral
environment (25.3 vs. 33.6 mg/ml, respectively; P < 0.05). Leukocyte and erythrocyte
counts in heat stressed calves were also decreased when compared to control calves.
Mortality within the heat stressed group was greater than the control group (12% vs.
19%, respectively). Cold stress increased mortality (P < 0.05) and decreased IgG1 at
birth (30 vs. 21.9 mg/ml, respectively; P < 0.01) but did not affect IgG1 when adjusted for
birth IgG concentrations (Kelley et al., 1982).
14

Reducing heat stress to Holstein heifers increased DMI (9.49 kg/d vs. 9.82 kg/d, P
< 0.03), ADG (1.16 kg/d vs. 1.35 kg/d, P < 0.001), and feed efficiency by (7.42 gain:feed
vs. 8.52 gain:feed, P < 0.002). This work was done by the manipulation of the
environment through the addition of shade structures and sprinkler systems (MarcillacEmbertson et al., 2009; De Rensis and Scaramuzzi, 2003). St-Pierre (2003) and others
defined three different heat stress abatement methods that are defined as 1) Moderate heat
abatement (fans or forced ventilation), 2) High heat abatement (fans and sprinklers) and
3) Intense heat abatement (evaporative cooling systems). The $2.4 billion lost each year
resulting from heat stress across all industries was decreased to $1.7 billion under
physical heat stress abatement (St-Pierre et al., 2003), but because combating heat stress
via shade and water application is not possible on all farms that deal with regular heat
stress, alternative methods must be realized.
Direct-Fed Microbials and Calf Performance
The term “probiotic” was defined as “a live microbial fed supplement, which
beneficially affects the host animal by improving its intestinal microbial balance”
(Krehbiel et al., 2003; Fuller, 1989; Parker, 1974). Probiotics have been used to explain
the use of viable microbial cultures, culture extract, enzyme preparations, or any
combined use of the above (Yoon and Stern, 1995). Since, the U.S. FDA has required
that probiotics sold by manufacturers be referred to as “direct-fed microbials” (DFM)
instead of probiotics (Miles and Bootwalla, 1991). The definition of DFM has been
condensed to, “a source of live, naturally occurring microorganisms” (Yoon and Stern,
1995; Martin and Nisbet, 1992). Direct-fed microbials were originally used for their
beneficial intestinal effects such as establishing gut micro flora, without the establishment
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of pathogenic organisms, and their ability to manipulate the microbial ecosystem of the
gut (Krehbiel et al., 2003; Martin and Nisbet, 1992). Much of the work regarding the
mode of action of DFM has been conducted in humans and rats (Krehbiel et al., 2003),
but the benefits to ruminants has also been studied in past research.
Holzapfel (1998) and others reviewed literature on DFM and determined some
general microbial criteria that must be met for DFM to be effective. These criteria
included nonpathogenicity, survivability through some of the more harsh areas of the gut
(bile and abomasum), specificity to the host, and overall genetic stability, with the most
common reason for a lack of results when feeding DFM being due to a lack of specificity
to the host. As of late, the supplementation of DFM has become a generally accepted
practice in production agriculture (Nocek and Kautz, 2006).
An area that has seen some study is the effect of DFM on intake and production of
transitioning dairy cows. An increase in milk yield of nearly 2.5 kg/day was observed by
cows fed DFM in the form of Enterococcus faecium strains, starting at 21 days prepartum and into lactation (Nocek and Kautz, 2006; Nocek et al., 2003). Many other
studies have shown increased milk yield using other strains of bacteria (Gomez-Basauri
et al., 2001; Jaquette, 1988; Ware et al., 1988a). Oetzel (2007) and others found that the
addition of DFM to transitioning cows tended to increased milk fat yield from 1.01 kg/d
to 1.12 kg/d (P < 0.08) in first lactation and increased milk protein percentage by 0.03%
(P < 0.03) in second and greater lactations.
When replicated in mid-lactation animals, results were conflicting. Raeth-Knight
(2007) and others found no differences among treatment groups in terms of milk yield
and component production and thus concluded DFM (Lactobacillus acidophilus and
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Propionicbacteria fredenreichii) supplementation had no effect on mid-lactation cows.
Another study was conducted with the same DFM strains with or without supplemental
glycerol. This study concluded that glycerol had no effect when supplemented, but that
DFM supplementation increased milk yield from 31.7 kg/day to 34.1 kg/day (P < 0.01),
milk protein from 0.87 kg/day to 0.93 kg/day (P < 0.01), and energy corrected milk from
31.6 kg/day to 33.5 kg/day (P < 0.03) compared to control groups (Boyd et al., 2011).
Another area of interest is the effect of DFM supplementation on intake. When
supplemented to transitioning cows, DFM increased pre-partum DMI by 1.0 kg/d (P <
0.1), postpartum DMI by 2.7 kg/d (P < 0.01), and ruminally available DM for both corn
silage and haylage (5.4 and 2.5% respectively; P < 0.01 and P < 0.05 respectively).
These studies also found greater blood glucose (8.4 mg/dL) 7 d postpartum (Table 2.2; P
< 0.04), insulin (P < 0.05), and non-esterified fatty acid concentrations post-partum (P <
0.05) and decreased BHBA concentrations (P < 0.09) pre-partum and through day one
postpartum (Nocek and Kautz, 2006; Nocek et al., 2003). This blood metabolite
information suggested that response was due to more glucose made available, and less
fatty acids were being mobilized from the animals lipid storage (Nocek et al., 2003).
Boyd (2011) and others, as mentioned previously, supplemented DFM to midlactation cows and found increased apparent digestibility of DM (67.3 vs. 70.3%; P <
0.01), CP (65.6 vs. 70.3%; P < 0.03), NDF (56.8 vs. 61.4%; P < 0.01), and ADF (51.5 vs.
53.5%; P < 0.01), whereas other studies with mid-lactation cows did not find positive
results (Raeth-Knight et al., 2007). Supplementing yeast cultures to lactating dairy cows
also increased digestion of OM. This increased digestion was attributed to the decreased
flow of OM and N to the duodenum observed in this study. Yeast culture increased
17

proteolytic bacterial counts, whereas a fungal culture used in the same study increased
proteolytic and cellulotic bacterial counts. Combining the two cultures did not produce
any additional, beneficial results (Yoon and Stern, 1995).
An increase in milk efficiency is another beneficial result of DFM
supplementation. As much as a 7.1% increase in efficiency (feed:milk) was realized as a
result of supplementing DFM (Colenbrander et al., 1988). Gomez-Basauri (2001) and
others reported that cows consuming DFM ate 0.42 kg less DM and produced 0.73 kg/d
more milk, which resulted in improved milk efficiency. In addition to improved
efficiency, DFMs also positively affected the health of lactating dairy cows.
Supplementation of DFM prevented ruminal acidosis in dairy cows and feedlot cattle
(Krehbiel et al., 2003; Nocek et al., 2002). In a study conducted by Oetzel (2007) and
others, the experimental group fed DFM maintained nearly perfect health where as the
group fed a placebo had increased health problems and many animals had to be removed
from trial early.
The effects of DFM have been tested in pre-ruminant calves, primarily in the
neonatal stage, and the results have been conflicting. Much work has been done using
live yeast and isolated, non-living carbohydrates such as mannanoligosaccharide and
beta-glucans. Many individual bacterial species such as Lactobacillus, Enterococcus,
Streptococcus, and Bifidobacterium have also been studied in young, pre-weaned dairy
calves (Krehbiel et al., 2003; Newman and Jacques, 1995). These bacteria ferment
carbohydrates found in the ration and produce short chain fatty acids (SCFA), also known
as volatile fatty acids (VFA), which decrease the ruminal pH making the rumen an
undesirable location for pathogenic bacteria to grow. Two SCFA in specific, butyric and
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propionic acid, are known to increase rumen papillae development and lead to greater
nutrient absorption by the pre-weaned heifer. For dairy calves, it is especially important
to adapt to solid foods as early as possible and begin the development of the ruminal and
intestinal bacteria. The primary goal should be to develop these microorganisms, while
negating the establishment of pathogens, as to not cause diarrhea (Krehbiel et al., 2003).
Studies have shown that fecal bacteria counts tended to be greater of animals with scours
than of healthy animals (Sandine, 1979) and that calves fed species of Lactobacillus and
Streptococcus had reduced episodes of scours (Fox, 1988; Maeng et al., 1987; Bechman
et al., 1977). It can be concluded that supplementation of DFM can be used to decrease
disease spread from calf to calf on a dairy operation. This has been further indicated by
other research showing that animals with decreased scours were less likely to shed
coliforms in feces (Abu-Tarboush et al., 1996; Ellinger et al., 1980; Gilliland et al.,
1980).
Calves with failed passive transfer that were fed live yeast added to the starter
consumed more grain and had less days with diarrhea. These animals also had an
increased ADG (118.7 g/d) and greater plasma glucose when DFM was added to the milk
replacer (Galvao et al., 2005). Robblee (2003) and others studied the effects of
supplementing Lactoferrin, a bioactive substance important for the development of the
immune system and for fighting infectious diseases in newborn calves (Robblee et al.,
2003; Shah, 2000), in the milk replacer of prenatal calves. They found a linear increase
of ADG, average daily heart girth, pre-weaning gain:feed ratio, fecal scores, and a linear
decrease in morbidity of calves as Lactoferrin supplementation increased. Calves fed a
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strain of L. acidophilus experienced up to a 17% increased ADG when the DFM was
consumed in the starter or in the milk replacer (Bechman et al., 1977).
Many studies have concluded that the addition of DFM to calves diet pre-weaning
is not beneficial. Quigley (1992) and others found that supplementing young calves with
DFM had no positive effect on DMI or ADG. These results agreed with Wagner (1990)
and others that yeast supplementation resulted in no differences of gain, efficiency of
gain, ruminal pH, or volatile fatty acid concentration of young calves. Other studies have
also concluded that feeding yeast cultures does not positively affect ADG or feed
efficiency (Abu-Tarboush et al., 1996; Jenny et al., 1991; Ellinger et al., 1980; Morrill et
al., 1977).
A study conducted by Hughes (1988) examined the effect of a yeast culture fed to
newborn, healthy calves. This trial was conducted using 16 (8 dairy, 8 beef) calves split
into two groups. This trial lasted 84 days and calves were fed once daily. Supplemented
DFM increased ADG by 0.094 kg/d. Calves fed DFM also consumed more dry matter
pre-weaning (P < 0.05) although differences were no longer realized by the conclusion of
the trial. There were no differences due to breed found in this trial. This study suggested
that DFM supplementation improved physical performance of calves pre-weaning and
that increased ADG may have been realized due to greater DMI pre-weaning and greater
rumen development in young calves.
A study conducted by Cruywagen (1996) and others to determine the effect of
DFM (Lactobacillus acidophilus) supplementation in the milk replacer of young Holstein
calves. Forty Holstein calves were utilized in this experiment and divided into one of two
groups: 1) Standard milk replacer or 2) Standard milk replacer with the addition of 1 mg
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of viable L. acidophilus bacteria during each of the twice-daily feedings. There were no
treatment differences found for overall ADG but early ADG (through week 2) was
affected by DFM supplementation and calves on treatment maintained initial body weight
while control calves lost body weight during the first two weeks of life (-0.08% vs. 4.0%, respectively; P < 0.01). Total intake, DMI, feed efficiency, and diarrhea episodes
were unaffected by treatment (Cruywagen et al., 1996). This trial indicated that DFM
supplementation might be a useful tool during the first two weeks post-birth in Holstein
calves.
A study conducted at the University of Arizona looked at the effect of
supplementing DFM to heat-stressed cows (Shwartz et al., 2009). Twenty-three,
multiparous, lactating Holstein cows (120 ± 30 DIM) were housed for 7 d in a thermo
neutral chamber (18 ̊ C, 20% humidity) followed by a 21 d in a heat stressed chamber
(32.8 ̊ C, 20% humidity). Cows were assigned to one of the following treatments: 1) a
diet containing a novel mixture of exogenous enzymes and a yeast culture top-dressed
twice daily (YC), or 2) a control diet with no additives. Yeast culture had no effects on
production markers or temperature indices during thermo neutral conditions. During heat
stress, all temperature indices increased for both treatments and YC had no effect on
respiration rate, skin temperature, or sweating rate. Rectal temperature was decreased at
1200 (40.29 vs. 40.02°C; P < 0.05) and 1800 h (40.35, 40.12°C; P < 0.05) with the
addition of YC, and cows fed both diets lost weight during heat stress. Control fed cows
had increased DMI and milk yield (19.1 vs. 17.9 kg/d and 32.15 vs. 29.15 kg/d,
respectively) but were similar among diets when evaluated on a body weight basis. Heat
stress decreased milk protein percentage (2.64 vs. 2.85; P < 0.01) but had no effect on
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milk fat content. Heat stress decreased plasma glucose (12%; P < 0.01) but NEFA
concentrations were not affected by diet or by heat stress. Results from this study
suggested that DMI does not completely explain the decreases in production and that
post-absorptive metabolism might be involved. Despite YC-fed cows having slightly
reduced body temperature markers, feeding YC did not negate the detrimental effects of
heat stress (Shwartz et al., 2009). No prior data appears to be available involving
supplementation of DFM to the milk and its effects on calf performance during heat
stress.
Calves born during heat stress or born to heat stressed dams have shown a
disadvantage in terms of decreased birth weight (Collier et al., 1982b; West, 2003;
Wolfenson et al., 1988), mature weight (West, 2003), ADG (St-Pierre et al., 2003; Collier
et al., 1982a; Thatcher, 1981), DMI (Bernabucci et al., 1999), colostrum quality from
their dam (Nardone et al., 1997), passive transfer, and compromised serum IgG (Nardone
et al., 1997; Stott et al., 1976). Something must be done to allow these calves to get back
to a competitive advantage with their herd mates born without the added burden of
having to combat heat stress. Because DFM supplementation has been shown to increase
grain intake (Galvao et al., 2005), which in turn increased rumen development and ADG
(Galvao et al., 2005; Hughes, 1988; Bechman et al., 1977) pre-weaning, it is believed that
the addition of DFM to the diet of pre-weaned dairy calves can help them combat heat
stress through higher DMI leading to greater growth rates and rumen development at an
earlier age. In addition, less shedding of pathogens in the stool as a result of less scours
(Abu-Tarboush et al., 1996; Fox, 1988; Maeng et al., 1987; Ellinger et al., 1980; Gilliland
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et al., 1980; Bechman 1977) will decrease the spread of disease between calves and allow
for more energy to be focused on growth and development.
Milk Replacer Composition and Calf Performance
Maximizing production potential while minimizing costs is the primary goal of
any industry, dairy included. Milk replacers have often been used to manipulate body
weight and size with the intent of achieving early herd entry. Work has also been done to
determine the potential effects of milk replacer on pre-pubertal and pre-weaning
mammary development. Milk replacers have been manipulated to provide extra nutrients
to pre-weaned calves through the means of increased crude protein, fat, total intake,
solids (DM), or a combination of any of the above.
Increasing crude protein in milk replacers is perhaps the most studied form of
milk replacer manipulation. When temperatures increased to the point of heat stress,
DMI decreased. This intake decrease also led to a negative protein balance as calves
were not consuming enough CP to meet requirements (Hassan and Roussel, 1975;
Ibrahim et al., 1970; Kamal and Johnson, 1970) because of a decrease in CP intake. In
hotter months, dietary protein was often increased to combat the effect of thermal stress
on DMI, and it is not uncommon to see CP concentrations more than 20% (Hassan and
Roussel, 1975). Feeding an increased amount of CP in the milk replacer significantly
increased ADG (P < 0.01) in pre-weaned dairy calves by up to 0.65 kg/d (Cowles et al.,
2006; Nonnecke et al., 2003; Lassiter et al., 1963). Crude protein ranged anywhere from
16% to over 30% and increased ADG was still seen throughout, although it appeared that
concentrations closer to 25% produced the greatest ADG (Brown et al., 2005; Lassiter et
al., 1963). Multiple incidents of improved pre-weaning feed:gain ratios (P < 0.01;
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Cowles et al., 2006), increased frame measurements (P < 0.05; Raeth-Knight et al., 2009;
Cowles et al., 2006), body weight measurements before and at weaning (P < 0.05; RaethKnight et al., 2009; Cowles et al., 2006), and DMI by 211/g/d (P < 0.01) have been
observed as a result of increased CP in milk replacer (Cowles et al., 2006).
Nonnecke (2003) and others observed as much as a 53% increase in mean body
weight at 60 days of age when calves were fed increased dietary CP (30% CP) compared
to the control (20% CP) while another study (Cowles et al., 2006) reported consistently
greater heart girth measurements at weaning in calves fed increased CP concentrations in
the milk replacer (93.1 vs. 98.2 cm, P < 0.001). Raeth-Knight (2009) and others
concluded that calves fed milk replacer with elevated CP concentrations calved 27.5 days
earlier than the control, which allowed earlier herd entry and onset of milk production
(Age at calving = 717 vs. 744.5, respectively (P < 0.05). Another study concluded that
increasing the CP in the starter (15 vs. 22.4% CP) also increased pre-weaning ADG (P <
0.01; Akayezu et al., 1994) in dairy calves.
Increasing the amount of fat (energy) in milk replacer is another area that has
been approached in the dairy industry, although not as vigorously as crude protein, and
the results have been conflicting. Added fat to a lactating cow’s diet is also a common
practice that is utilized during increased THI, and it has been shown that the addition of 3
to 5% fat to the total diet can be used to mitigate heat stress without damaging the
environment in the rumen (Kronfeld et al., 1980; Palmquist and Jenkins, 1980). This
same approach has been studied in pre-weaned calves. Increased fat content in the milk
replacer increased body weight gains by 11.11 kg (P < 0.05; Wijayasinghe et al., 1984),
increased withers heights by 6.5 cm(P < 0.05; Brown et al., 2005), and improved
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feed:gain ratios by 1.27 kg feed/kg gain (P < 0.01; Wijayasinghe et al., 1984). Jaster
(1992) and others found that by adding a fat supplement to normal milk replacer, ADG
increased by nearly 50 g/d (P < 0.05) during the first month of life and decreased fecal
scores of dairy calves. This agreed with another study that increased fat content in the
diet and decreased the episodes of scours. These results were inconclusive as a study
conducted by Hill (2008) and others found that increasing milk replacer fat content had
no effect on ADG or frame measures in Holstein calves, while another study found that
increased fat in milk replacer led to a linear reduction in apparent digestibility (preweaning) of dry matter, organic matter, fat, nonfiber-carbohydrate, calcium and
phosphorous by dairy calves (Hill et al., 2009). This reduction led to decreased ADG in
the animals on trial (Hill et al., 2009). Blood metabolites of calves fed varying milk
replacers can be seen in Table 2.3.
Increasing fat generally leads to an increase in solids in milk replacer. And
increased solid content correlates to an increased dry matter content and can result in
increased ADG and fecal scores in the early part of a calf’s life pre-weaning (Jaster et al.,
1992). Increased body weights and frame measurements were also found in the study
discussed above, and that same study also found that the solid content increase also led to
earlier calving (Raeth-Knight et al., 2009). Results are conflicting however, as Pettyjohn
(1963) and others found that increased solids in the milk replacer led to decreased dry
matter utilization which in turn had a negative effect on dry matter and crude protein
digestion by pre-weaned calves. This study did find a positive correlation between solid
content and overall feed and dry matter intake (Pettyjohn et al., 1963).

25

Increasing intake of milk replacer by dairy calves has been studied with the
results seeming primarily positive. Calves fed increased amounts of milk replacer had
greater ADG between 0.9 and 2.8 kg/d (P < 0.01 and P < 0.005, respectively) through
weaning (Nonnecke et al., 2003; Hammon et al., 2002; Harrison et al., 1960), increased
(P < 0.01) empty body weights by 12 kg DM (Hill et al., 2008), and greater mean body
weights at two months of age (Nonnecke et al., 2003). Klein (1987) and others found
that when feeding dairy calves milk replacer for a longer period of time, body weights
were increased by 8.1 kg at 10 weeks of age (P < 0.05) . No differences for calf IgG
concentrations were found by increasing milk replacer intake (Hammon et al., 2002) and
increasing intake increased production costs (Harrison et al., 1960). In addition,
increased milk replacer intake led to a decrease in starter intake which in turn negatively
affected rumen development of the pre-weaned calf (Harrison et al., 1960). A final study
conducted gave calves more milk replacer but in variable amounts and found that ADG
was increased (Quigley et al., 2006).
A previously mentioned study conducted by Hill (2008) and others to determine
the effect of milk replacer composition on growth and body composition utilized 24
Holstein heifer calves. Calves were grouped into 4 different treatment diets: 1) control
milk replacer (20% CP, 21% fat, fed at 441 g/d); 2) High protein-low fat (28% CP, 20%
fat, fed at 951 g/d); 3) High protein-high fat (27% CP, 28% fat, fed at 951 g/d); and 4)
intensively fed high protein-high fat (27% CP, 28% fat, fed at 1,431 g/d). Heifers were
fed the control for 48 hours prior to onset of the experiment and the experiment lasted
approximately 60 days. Heifers fed the control diet consumed the most starter grain
when compared to all other diets (P < 0.01) but their total DMI was decreased compared
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to the other diets (P < 0.01). Increasing fat content in the milk replacer increased the
carcass fat content but did not increase frame measures or rate of gain. Increasing the
amount of milk replacer fed increased growth rate and empty body weight in this study.
Increasing CP in the milk replacer resulted in a greater BW (20.4 kg, P < 0.01), greater
frame measurements (withers height, body length, hip height, hip width), and had a
greater gain:feed ratio (0.08 ADG kg/DMI kg, P < 0.05) when compared to control
heifers (Hill et al., 2008).
A trial was conducted at Michigan State University by Brown and others (2005)
to determine the effects of increasing energy and protein concentration of the milk
replacer on growth rates and body composition of heifer calves. Seventy-four Holstein
heifer calves were assigned to treatments in a 2 x 2 factorial arrangement of treatments.
This experiment was divided into two separate periods. There were two diets
(Moderate=M, 21.3% CP: 21.3% Fat; High=H, 30.3% CP: 15.9% Fat) in the first period
and two diets (Low=L, restricted intake to achieve 0.4 kg/d ADG; High=H, ad libitum
intake) in the second period, combing to make the four following treatments: ML, MH,
HL, and HH. Calves were slaughtered at eight (n=11) or 14 (n=41) weeks of age. Calves
fed the H diet in either period had greater ADG (P < 0.01) and gain:feed ratio (P < 0.02)
than other diets and were taller at the end of each period (P < 0.03). There were no
carcass composition differences at 8 weeks but at 14 weeks of age heifers fed MH and
HH had increased carcass fat compositions than the other diets (Between 1.8 and 2.7%, P
< 0.06). Increasing energy and protein intake increased ADG, gain:feed ratio, and
withers height in this study.
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Another study was conducted to determine the effects of milk replacer in chronic,
cold environments. Heifers in cold environments (compared to normal conditions)
consumed more starter and more milk replacer but no ADG or body weight differences
were found (Richard et al., 1988). It is known increasing CP in the dairy calf’s milk
replacer increased ADG (Hill et al., 2008; Cowles et al., 2006; Brown et al., 2005;
Nonnecke et al., 2003; Lassiter et al., 1963), feed:gain ratios (Hill et al., 2008; Cowles et
al., 2006; Brown et al., 2005), and in some instances allowed early herd entry (RaethKnight et al., 2009). Supplying pre-ruminant calves subjected to heat stress with an
accelerated milk replacer (27% CP/10% Fat) will help provide protein and energy in the
liquid diet that is conducive to proper development. It is believed this increased protein
will be enough to boost gains and development to get heat stressed calves back to
comparative growth and intake performance with herd mates born in colder months.
Summary and Objectives
By feeding a milk replacer with increased CP concentrations (Cow’s Match
WarmFront, Land O’ Lakes, Inc., Shoreview, MN), the mitigation of the heat stress is
expected through the availability of extra nutrients. With the addition of DFM (Calf RD
Formula, TechMix, Inc., Stewart, MN), DMI is anticipated to increase, and in turn,
improved rumen development is expected, leading to better nutrient utilization in the
early pre-weaning phase of a dairy calf’s life. The Calf RD Formula is a direct-fed
microbial designed specifically for pre-ruminant calves containing 2.5 x 109 CFU/gram
of viable, naturally occurring microorganisms. Through better utilization of nutrients as a
result of greater availability due to the Cow’s Match WarmFront and greater absorption
due to Calf RD improved body weight gain in the pre-weaning phase and increased body
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weights at weaning (6 weeks) are expected in dairy heifers. It is also believed that
increased DMI can help to negate any difficulty associated with the transition from
weaning in dairy calves through greater ADG and rumen development. Therefore, the
primary objective of this study is to evaluate the effects of DFM supplementation in the
milk replacer on average daily gain and dry matter intake at weaning in dairy heifers. A
secondary objective is to determine the effects accelerated milk replacer and DFM
supplementation on pre-weaned Holstein heifers during periods of increased THI.
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Blood metabolite concentrations in cows and heifers during periods of increased THI

Treatment1
Glucose, mg/DL
NEFA2, µEq/L
BHBA3
1A
65.8a
305a
N/A
Rhoads et al., 2009
a
1B
62.6
128b
N/A
a
a
2A
70.6
716.8
N/A
Wheelock et al., 2009
2B
68.2a
298.3b
N/A
x
x
3A
3.67
.28
.50x
Nardone et al., 1997
3B
3.44y
.33y
.60y
1
1A = Cows, Temperature-humidity index (THI) = 64; 1B = Cows, THI = 77.3; 2A = Cows, THI = 64; 2B = Cows, THI = 77.3; 3A =
Heifers, THI = 65; 3B = Heifers, THI = 82; 2NEFA = non-esterified fatty acids; 3BHBA = β-hydroxybutyrate; a,bMeans within a
column in a particular study with different superscripts differ (P < 0.05); x,yMeans within a column in a particular study with different
superscripts differ (P < 0.05)

Table 2.1
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Blood metabolite concentrations in transitioning cows fed rations with or without DFM supplementation

Treatment
Glucose, mg/DL
NEFA1 (µEq/L)
BHBA
a
a
(-) DFM
49.7
624
0.88 µM/L
Nocek et al., 2003 (8-21d Postpartum)
(+) DFM
55.7b
570b
0.75 µM/L
(-) DFM
76.8
665.7
15.8 mg/dLx
Nocek and Kautz, 2006 (1d Postpartum)
(+) DFM
65.2
793.4
12.2 mg/dLy
1
NEFA = non-esterified fatty acids; 2BHBA = β-hydroxybutyrate; a,bMeans within a column in a particular study with different
superscripts differ (P < 0.05); x,yMeans within a column in a particular study with different superscripts differ (P < 0.05)

Table 2.2
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Blood metabolites of calves fed milk replacer with varying intake, fat, crude protein

Treatment
IgG,g/L1
Total Protein, g/L
Plasma Glucose, mmol/L
NEFA, mmol/L2
Control 454 g/d
8.3a
58.1a
3.62a
182.8a
Quigley et al., 2006
b
a
b
Variable ≥ 454 g/d
9.0
57.6
4.31
145.5b
Restricted MR
2.1x
44.1x
5.6x
0.16x
Hammon et al.,
y
x
x
2002 (Day 14)
Unlimited MR
2.5
45
6.4
0.11x
27% CP,14% Fat
NA
57a
5.883
N/A
a
3
27%
CP,17%
Fat
NA
57
5.68
N/A
Hill et al.,
a
3
2009
27% CP,20% Fat
NA
57
5.50
N/A
a
3
27% CP,23% Fat
NA
58
5.40
N/A
1
IgG = Immunoglobulin G; 2NEFA = non-esterified fatty acids; 3Linear P-value < 0.08; a,bMeans within a column in a particular study
with different superscripts differ (P < 0.05); x,yMeans within a column in a particular study with different superscripts differ (P < 0.05)

Table 2.3

32

CHAPTER III
MATERIALS AND METHODS

Care and use of animals used in this trial were conducted in accordance with and
under the approval of the Institutional Animal Care and Use Committee of Mississippi
State University (Protocol # 12-033). During the months of August through December
(THI = 59.90 ± 9.61), 44 Holstein calves (n=9 males, n=35 females; birth weight = 34.19
± 4.9 kg) from the Mississippi State University Bearden Dairy Research Center (BDRC)
were randomly assigned at birth to one of four treatments. Treatments included: A
control milk replacer (22% Protein: 20% Fat; CON), a milk replacer with increased CP
and decreased fat concentrations (27:10; MR+), the control milk replacer with the
addition of a direct-fed microbial in the form of Calf RD (DFM), and the MR+ with the
addition of the direct-fed microbial (DFMR+). At birth, calves were individually housed
in hutches and esophageal tubed with 1.89 liters of colostrum. After allowing 18h for
colostrum absorption, a failure of passive transfer test (Bova-S, VMRD, Inc.) was
administered to ensure adequate calf health. All bull calves were castrated by 14 d.
Calves were immediately bucket trained and fed twice daily at 600 and 1800 h. After 35
d calves were decreased to half milk and weaning occurred at 42 d. Both milk replacers
with medicated with Decoquinate® to prevent coccidiosis. Calves remained in hutches
until 56 d and were then released to pasture. Control calves were offered 566.99 g/d of
milk replacer at the beginning of the trial (1d though 36d) and reduced to 283.49 g/d
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during weaning (37d though 42d) whereas MR+ and DFMR+ calves were fed 816.47 g/d
during the first two weeks (1d through 14d), increased to 1133.98 g/d during the middle
of the trial (15d through 36d), and decreased to 566.99 g/d during weaning (37d through
42d). Milk replacer was mixed at 15% solids. Direct-fed microbial supplementation was
given at 2g per feeding and mixed into the milk replacer as suggested by the
manufacturer (TechMix, Inc., Stewart, MN). Calves were offered Startena Starter (18%
CP, 2% Fat; Purina Mills, LLC, St. Louis, MO) from day 1 of trial and offered ad libitum
water. Calves were offered 2.3 kg/day of starter from 1 d and were increased as calf
consumption increased (0.5 kg/d).
Sample Collection and Analysis
Body weight (BW), wither height (WH), hip height (HH), and heart girth (HG)
were all measured weekly. Rectal temperatures, respiration rates, respiratory and fecal
scores were determined each p.m. by the same three graduate assistants. Respiratory
scores were defined as, 1) normal, 2) runny nose, 3) heavy breathing, 4) moist cough, and
5) a dry cough. Fecal scores were defined as, 1) normal and solid, 2) slightly loose, 3)
slightly discolored, obvious scours, and 4) discolored, extreme scours (Larson et al.,
1977). Feed samples offered were taken weekly and compiled by month. Orts were
weighed daily in the p.m. and compiled by week. Feed and orts samples were ground to
pass through a 2-mm screen using a Thomas Wiley Mill ® (Arthor H. Thomas,
Philadelphia, PA) and analyzed for dry matter, ash, neutral detergent fiber, acid detergent
fiber, crude protein, and fat (Goering and Van Soest, 1970). For dry matter analysis, 2 g
of the sample was placed in an aluminum pan and dried in a 100 ̊ C oven for at least 24
hours and weighed again. Ash content was determined by placing the sample from the
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dry matter analysis in a muffle furnace set at 288 ̊ C for five hours, after which the ashed
samples were allowed to cool to 100 ̊ C and then weighed. Fiber analysis was performed
by placing 0.5 grams of sample in an Ankom ® nylon bag and heat-sealing the bag. To
determine neutral detergent fiber content, the bag was digested at 38 ̊ C for one hour in
2000mL of neutral detergent fiber solution (Goering and Van Soest, 1970), including 20
g of sodium sulfite and 4 ml of α – amylase (4.2 mg/mL). After one hour, the samples
were rinsed with two washes of 2000 mL of warm distilled water and 4 mL of α –
amylase (4.2 mg/mL), followed by one rinse with 2000 mL of warm distilled water and
one rinse with acetone. Samples were then placed in a 100 ̊ C oven for at least 24 hours
and then weighed. To determine acid detergent fiber, the same bags containing samples
from the NDF analysis were placed in 2000 mL of acid detergent fiber solution (Goering
and Van Soest, 1970) and digested at 100 ̊ C for one hour. The bags were then rinsed
three times with warm distilled water and once with acetone. Samples were then dried at
100 ̊ C in an oven for at least 24 hours then weighed. Crude protein was determined
using Kjeldahl nitrogen method (AOAC, 2003); 0.9 grams of sample, 15 mL of H2SO4
(96% w/w), and one FisherTab ™ (Thermo Fisher Scientific Inc., Waltham, MA) were
placed in glass tubes and digested at 100.5 ̊ C for 3 hours. The digested samples were
then distilled and titrated to calculate crude protein content using a Foss Kjeltec 1035
Analyzer ™ (Foss, Eden Prairie, MN) distillation unit. Fat content was determined by
ether extraction; 2 grams of sample were placed in alundum crucibles and placed in a
Goldfisch™ ether extraction apparatus with 40 mL of ether. Samples were boiled in ether
for four hours, dried at 100 ̊ C for at least 24 hours, and weighed. Feed efficiency was
calculated using an equation developed by Cruywagen and others (1996).
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Rumen Development Measures
Rumen fluid samples were collected at week 4, 6, and 8 during weekly growth
measurements. An esophageal tube was inserted into the mouth and tygon tubing was
threaded through the tube into the rumen. A 60 mm syringe was attached to the end of
the tubing and 10 mL of rumen fluid was collected. Ruminal pH was recorded and
rumen fluid was mixed with 1 mL phosphoric acid (85 wt. % in H20; Sigma Aldrich) and
stored at -20 ̊ C. Upon thawing in a warm water bath, rumen fluid was strained through
cheesecloth and centrifuged at 3,000 x g for 30 minutes. Rumen fluid was strained again
to remove all impurities. Four mL of rumen fluid were mixed with 1 mL of mphosphoric acid solution containing 2-ethyl butyric acid (25% wt/vol metaphosphoric
acid containing 2 g/L of 2-EB). Rumen fluid was stored in 10 mL centrifugation tubes
and stored at -20 ̊ C until analysis. Rumen fluid was analyzed for volatile fatty acids by
gas-liquid chromatography using a Shimadzu GC 2010 equipped with a 15-m EC 1000
column, having an internal diameter of 0.53 mm and a film thickness of 1.2 μm (Alltech
Associates, Inc.; Deerfield, IL). The procedures for reagent preparation and the
temperature gradient for the VFA analysis were adapted from Grigsby et al. (1992) and
Bateman et al. (2002). Samples were transfer pipetted into GC vials (Cole-Palmer;
Target autosampler vials; #A988110-00). The GC column temperature at the beginning
of the program was 115 ̊ C and was maintained there for 0.1 min. and was then increased
at a rate of 10 ̊ C/min to 150 ̊ C and maintained there for 0.1 min. The temperature was
then further increased at a rate of 11 ̊ C/min to 170 ̊ C and maintained there for 1 min.
The injector of the chromatograph was maintained at 250 ̊ C and the detector was
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maintained at 275 ̊ C. Peak detection was by a flame ionization that used a H2/ air flame.
Helium was used as the carrier gas with splitless injection at a flow of 60 mL/min.
Blood Collection
Blood was collected from all calves at 18 h after birth and weekly after growth
measurements were recorded. Blood was collected via jugular venipuncture using 10 ml
evacuated tubes. A redtop tube lacking an anticoagulant (Fischer Scientific; Pittsburgh,
PA) and a green top tube coated with lithium heparin (Fisher Scientific; Pittsburgh, PA)
were collected from each calf. Only initial blood samples were used to determine IgG
concentrations. The non-heparinized tube was separated within an hour of collection via
centrifugation. Blood was centrifuged at 2,750 x g at 4 ̊ C for 20 minutes and stored at 20 ̊ C. Heparin coated tubes were brought to the lab at the BDRC for analysis of blood
gas and electrolyte which were collected using the IDEXX© Vet Stat blood gas and
electrolyte analyzer (IDEXX Laboratories, Westbrook, ME). Blood was drawn into
micro-centrifuge tubes from heparinized tubes and centrifuged in a micro centrifuge for
90 seconds. Tubes were then broken and plasma was placed on a Reichert*Goldberg
clinical handheld refractometer (Reichert Technologies, Depew, NY) and plasma protein
was assessed. Blood glucose was determined using a Bayer Contour meter
(ISO15197:2003; Leverkusen, Germany) and drawing blood directly from heparinized
blood tubes.
Weather Data Collection
A weather station (Hobo U30/NRC, Onset Computer, Pocasset, Mass.) was
placed near the calf hutch location to measure ambient environmental factors including
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temperature, relative humidity, solar radiation, precipitation, wind speed, wind direction,
and gust speed. Ambient conditions were originally recorded at 4 h intervals and were
later condensed to determine daily means. Temperature-humidity index was derived
from daily means using an equation developed by Mader and associates (THI =
0.8*Ambient Temperature + ((Relative Humidity/100)*Ambient Temperature – 14.3) +
46.4; 2004). This equation was used to determine mean daily THI and mean values for
both AM and PM THI.
Statistical Analysis
This experiment used a 2x2 factorial arrangement of treatments (main effects =
milk replacer and DFM supplementation) with treatment (CON, DFM, MR+, DFMR+),
gender, week (or day), and THI as the class variables with all possible interactions
examined. Temperature-humidity index was removed from the model when not
significant but was significant for intake, health, and blood metabolite measures. Calves
were born to dams on a previous trial, but since dam’s treatment was not significant for
any measures, it was removed from the model. Data (day, week) with multiple measures
per calf were analyzed by repeated measures ANOVA using the MIXED procedure of
SAS (SAS, 2004). Birth weight was defined as a covariate for body weight analyses.
Comparison of data used least significant means. Significance was declared at P < 0.05
and tendencies were declared at P < 0.10.
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CHAPTER IV
RESULTS AND DISCUSSION

Intake Data
Chemical compositions of starter and MR offered are presented in Table 4.1.
Crude protein and fat concentrations in the modified (28.7% CP: 11.1% Fat) and control
(21.7% CP: 22.1% Fat) milk replacer were similar to what was expected from the
manufacturer. However, starter CP (22.6%) and fat (17.6%) were much greater than
advertised (18 and 2%, respectively). Ort composition by treatment is also presented in
Table 4.1.
Intake data is presented in Table 4.2. There was a tendency for overall intake to
differ among calves fed different treatments, with calves fed the CON treatment having
decreased overall DMI compared to all other treatments (0.96 vs. 1.26 kg/d, respectively;
P < 0.04). Calves fed the modified milk replacer had increased overall DMI compared to
the calves fed the control milk replacer (1.35 vs. 1.03 kg/d, respectively; P < 0.01). This
overall intake difference was not a result of changes in starter intake (P = 0.96), as
expected. Milk replacer was fed at the manufacturer’s recommendations, and this
resulted in an increased milk replacer intake by animals fed the modified milk replacer
compared to calves fed the conventional milk replacer (0.85 vs. 0.54 kg/d, respectively; P
< 0.01). This increase in consumption led to an increase in pre-weaning CP intake for
calves fed the modified milk replacer compared to the conventional milk replacer (0.35
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vs. 0.23 kg/d, respectively; P < 0.01), but left pre-weaning fat intake unchanged (P =
0.69). This allowed for fat intake to be removed from the discussion in terms of effect on
dependent variables and for CP intake to be the central focus of discussion. Calves fed
the modified milk replacer also consumed significantly more ash overall than calves fed
the control milk replacer (0.17 vs. 0.12 kg/d; P < 0.01), but no differences were found for
overall NDF (P = 0.97) or ADF (P = 0.95) intake. No differences (P = 0.31) were found
between calves on different treatments for the onset of grain consumption. Consumption
of starter diets in the form of concentrate, and the onset of grain consumption, has been
shown to increase VFA production in the calf. Propionate and butyrate are two VFA
closely associated to increased papillae development, which is in turn related to greater
growth of the entire animal (Hill et al., 2009; Heinrichs et al., 2005; Stobo et al., 1996).
The lack of differences observed in grain intake in this trial could indicate no differences
in fermentation products in the rumen. Although DFM supplementation has been shown
to alter fermentation products, and increase DMI (Lesmeister et al., 2004; Enjalberta et
al., 1999; Quigley et al., 1992a; Hughes 1988), the lack of starter intake differences in the
present study may indicate a lack of performance by the DFM supplement. Other studies
have indicated that increasing the CP intake in the milk replacer leads to decreased starter
consumption (Hill et al., 2008; Cowles et al., 2006; Brown et al., 2005), although those
results were not replicated in this study. THI only increased above the thermo neutral
zone for 8 days of this trial, indicating relatively mild conditions throughout the trial. In
addition, THI never increased above 72 on any of the weekly data collections. Although
heat stress was not as severe as anticipated, starter intake was depressed during times of
increased THI (THI ≥ 72) compared to thermo comfort by 0.63 kg/d (Table 4.10; P <
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0.01), as expected. This agrees with other studies that found a decrease in DMI as THI
increased (Wheelock et al., 2010; St. Pierre et al., 2003; Kadzere et al., 2002) and an
increase when in DMI when heat stress abatement methods were used during times of
increased THI (Marcillac-Embertson et al., 2009; De-Rensis and Scaramuzzi, 2003). No
gender differences were found for intake (Table 4.9; P = 0.50).
Growth Data
Body weight data is presented in Table 4.3 and Figure 4.1. No treatment
differences were observed for birth weight (P = 0.25). Overall body weights were greater
for calves fed the modified milk replacer compared to the control milk replacer (52.03 vs.
44.94 kg, respectively; P < 0.01). The same pattern held true during week 1 and 2 (39.66
vs. 37.06 kg, respectively; P < 0.04) of trial and for the entire pre-weaning phase (48.76
vs. 41.30 kg, respectively; P < 0.01). At weaning (week 6), calves fed the modified milk
replacer were 9.99 kg heavier than their herd mates (P < 0.01). During the post-weaning
phase (week 7 and 8), calves fed the modified milk replacer had increased body weights
compared to the calves fed the control milk replacer (66.24 vs. 55.94 kg, respectively; P
< 0.01), and the calves fed the CON treatment had decreased body weights (52.97 kg, P <
0.01) compared to all other treatments. At the conclusion of the trial (week 8), calves fed
the modified milk replacer were heavier than calves fed the control milk replacer (69.10
vs. 61.40 kg, respectively; P < 0.01). It was expected for calves fed milk replacer with
27% CP to have increased body weights at weaning and throughout the extent of the trial
as it is a common practice to increase CP concentrations to well over 20% during times of
heat stress (Hassan and Roussel, 1975). Many other studies observed an increase in mean
body weights of calves fed increased CP concentrations in the milk before and at weaning
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(Raeth-Knight et al., 2009; Cowles et al., 2006) and Nonnecke and others (2003) found a
53% increase in mean body weight at 60 d (post-weaning) when calves were fed 30% CP
in the MR compared to 20%. Direct-fed microbial supplementation appeared to have
little to no effect in terms of body weight differences in this trial. No gender (Table 4.9;
P = 0.39) differences were found for body weights, but weekly means were different
(Table 4.11; P < 0.01), as expected. Calves gained an average of 28.43 kg during the
trial.
Weight gain and growth efficiency (feed:gain) data are presented in Table 4.4.
Overall, calves fed the modified milk replacer had had increased ADG throughout the
entire trial when compared to the calves fed the control milk replacer (0.66 vs. 0.50 kg/d,
respectively; P < 0.01). A study conducted by Cruywagen (1996) and others indicated
that DFM supplementation was used to decrease weight shedding in the first two weeks
of life. In this study, DFM supplementation had no effect on ADG during week 1 and 2,
but instead, the calves fed the modified milk replacer gained more weight in the first 2
weeks of life compared to calves fed the control milk replacer (0.43 vs. 0.23 kg/d,
respectively; P < 0.01). During the pre-weaning phase, the modified milk replacer calves
had the greatest ADG (0.61 vs. 0.37 kg/d, respectively; P < 0.05), but during the postweaning phase, the opposite was true, and the calves fed the control milk replacer had
greater ADG than the calves fed the modified milk replacer (0.83 vs. 0.64 kg/d,
respectively). This difference appears to be due to the increased ADG of the DFM
treatment (0.94 kg/d) during this time, but testing for the main effect of DFM
supplementation yielded no differences. No gender differences were found for ADG
(Table 4.9; P = 0.57). This study disagrees with multiple studies that have shown
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increased ADG when DFM is supplemented in the pre-weaning diet (Hughes, 1988;
Bechman et al., 1977) but agrees with others that showed no beneficial effects when
DFM was supplemented to the pre-weaned calf (Abu-Tarboush et al., 1996; Quigley et
al., 1992; Jenny 1991; Wagner et al., 1990; Ellinger et al., 1980; Morril et al., 1977). One
study found increased ADG when DFM was supplemented to immune-compromised
calves (Galvao et al., 2005), which agrees with many other studies indicating that DFM
has the greatest effect in calves that are not healthy (Whitley et al., 2008; Krehbiel et al.,
2003). This reasoning offers insight as to why DFM supplementation did not improve
growth in this study. ADG has been shown to increase in many other studies (Cowles et
al., 2006; Nonnecke et al., 2003; Lassiter et al., 2963) when CP concentration in the milk
replacer was increased and Bartlett (2006) and other found lowered ADG in calves that
were given less than 22% CP in the milk replacer.
Calves fed the DFM supplement had decreased feed:gain compared to other caves
on the trial (3.37 vs. 1.81 feed:gain, respectively; P < 0.03) which disagreed with a
previous study that found that supplementing DFM to pre-weaned Holstein calves
increased efficiency (Galvao et al., 2005) but agreed with others finding no such effect
(Abu-Tarboush et al., 1996; Jenny 1991; Wagner et al., 1990; Ellinger et al., 1980; Morril
et al., 1977). The DFM supplement in this trial was mixed into the milk replacer. At an
early age, the milk a calf consumes is deposited directly into the abomasum, bypassing
the rumen. By skipping the rumen, the DFM supplement was unable to work as
advertised and develop the rumen papillae through more VFA production from increased
DMI (Hill et al., 2009; Heinrichs et al., 2005; Stobo et al., 1996), thus not allowing it to
produce a more efficient rumen. In addition, medicated (Decoquinate) milk replacer was
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used in this trial. It could be hypothesized that the medication found in the milk replacer
targeted the DFM bacteria instead of the coccidiosis bacteria, rendering the product
ineffective. Feed efficiency was also greater for bull calves compared to female calves in
this trial (Table 4.9; 1.75 vs. 3.41 feed:gain, respectively; P < 0.01)
Frame measurement data is presented in Table 4.4. Direct-fed microbial
supplementation had no effect on any frame measurements. At weaning, calves fed the
modified milk replacer had increased hip height (Figure 4.2; 87.67 vs. 84.15 cm,
respectively; P < 0.01), withers height (Figure 4.3; 84.21 vs. 81.11 cm, respectively; P <
0.01), and heart girth (Figure 4.4; 91.23 vs. 85.69 cm, respectively; P < 0.01) compared
to calves fed the control milk replacer. These differences were no longer seen at the
conclusion of the 8-week trial. This data agrees with previous studies that have found
increased frame measurements before and at weaning when CP concentration in the milk
replacer was increased (Raeth-Knight et al., 2009; Hill et al., 2008; Cowles et al., 2006;
Brown et al., 2005). No gender differences were found for hip height (Table 4.9; P =
0.51), withers height (P = 0.56), or heart girth (P = 0.55). Weekly means were different
for hip height (Table 4.11; P < 0.01), withers height (P < 0.01), and heart girth (P < 0.01),
with calves growing 8.87 cm, 9.17 cm, and 11.66 cm during this trial, respectively.
Health Parameters
Health data is presented in Table 4.5. No treatment differences were found for
birth IgG (P = 0.67). Treatment decreased respiration score with the calves fed the CON
diet having the greatest respiration scores during the trial compared to all other treatments
(1.05 vs. 1.03, respectively; P < 0.01). Bull calves also had greater respiration scores
compared to heifer calves (Table 4.9; 1.04 vs. 1.02, respectively; P < 0.01). It was noted
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that the respiration scores in this trial were still what the authors considered to be normal
respiration scores, which agrees with a study that observed no differences in fecal when
calves were supplemented with live yeast (Hill et al., 2009) No treatment differences
were found for respiration rate (P = 0.31). Calves fed the DFM supplement had greater
fecal scores compared to the other calves on trial (2.57 vs. 2.05, respectively; P < 0.01),
and calves fed the CON had decreased fecal scores (2.00; P < 0.01) compared to all other
treatments. Other studies have found decreased fecal scores (Hill et al., 2009; Heinrichs
et al., 2003; Maeng et al., 1987; Bechman et al., 1977) when calves were supplemented
with DFM and decreased days with scours (Seymour et al., 1995). Other studies have
found that DFM led to no differences in fecal scores or days with scours (Lesmeister et
al., 2004; Cruywagen et al., 1996). The DFM product used in this particular study had a
great amount of sugar (sucrose). The authors have determined the increased sucrose
concentrations in the DFM supplement, which are indigestible to the calves, may be
cause for the increased fecal scores observed in this study. Galvao (2005) and others
found that immune-compromised calves had fewer days with scours when supplemented
with live yeast, further indicating that DFM may have less of an effect in healthy animals.
It is of interest to note that heifer calves had greater fecal scores than bulls (Table 4.9;
2.38 vs. 2.23, respectively; P < 0.03), but this was assumed to be due to the difference in
sample size for each gender. Rectal temperatures were positively affected by both milk
replacer manipulation and DFM supplementation. Direct-fed microbial supplementation
had the greatest effect as calves supplemented with DFM had lower rectal temperatures
than the other calves on trial (38.78 vs. 38.89 ̊ C, respectively; P < 0.01) and calves fed
the CON diet had the greatest rectal temperatures (38.97 ̊ C; P < 0.01). Johnson (1963)
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and others found that a 0.55 ̊ C change in rectal temperature can decrease TDN intake by
1.4 kg/d (P < 0.01), making rectal temperature a sensitive indicator of heat stress.
Seymour (1995) and others also reported decreased incidence of increased rectal
temperatures when calves were supplemented with brewer’s yeast in the starter. This
indicates the potential for DFM supplementation to be used during times of elevated THI.
During times of increased THI, respiration rate, fecal score, and rectal temperature were
increased by 12.54 bpm (Table 4.10; P < 0.01), 0.18 (P < 0.01), and 0.10°C (P < 0.02),
respectively, as expected. Respiration scores were unaffected by THI (P = 0.20)
Rumen Health
No treatment differences were found for ruminal pH during week 4, week 6, week
8, or overall (Table 4.6). Volatile fatty acid concentrations are presented in Table 4.7.
Calves fed the control milk replacer had greater acetate (Figure 4.5; 36.6 vs. 24.8
mmol/L, respectively; P < 0.01) and propionate (Figure 4.6; 27.3 vs. 35.9 mmol/L,
respectively; P < 0.01) concentrations in the rumen fluid compared to calves fed the
modified milk replacer during week 8 of the trial. No treatment differences were found
for the overall acetate to propionate ratio. Butyrate concentrations during week 8 were
also increased in calves fed the control milk replacer compared to the modified milk
replacer (Figure 4.7; 5.2 vs. 2.6 mmol/L, respectively; P < 0.01). Calves fed the CON
diet had increased acetate, propionate, and butyrate (40.3, 29.7, and 5.98 mmol/L,
respectively; P < 0.02, 0.02, and 0.01, respectively) concentrations during week 8
compared to all other treatments. In week 8, n-valerate concentrations were increased for
calves fed the control milk replacer compared to the modified milk replacer (2.9 vs. 1.4
mmol/L; P < 0.01) with calves fed the CON diet having the greatest n-valerate
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concentration (3.33 mmol/L; P < 0.01) during week 8. Overall isovalerate concentrations
were greatest in calves fed the MR+ treatment (0.57 vs. 0.20 mmol/L, respectively; P <
0.01) and no treatment differences were found for isobutyrate. Studies have found that
calves fed conventional milk replacers compared to modified milk replacers have
increased starter intake due to the lack of nutrients available in the milk replacer (Hill et
al., 2009; Cowles et al., 2006). Other studies have found increased starter intake by
calves supplemented with DFM (Lesmeister et al., 2004; Enjalberta et al., 1999; Quigley
et al., 1992a; Hughes 1988). Increased starter intake leads to greater fermentation in the
rumen of the available carbohydrates and increases VFA production, thus increasing
rumen papillae development. Since DFM supplementation had no effect on VFA
production, it was then hypothesized that increased starter intake by the calves fed the
control milk replacer may provide more VFA to calves. Starter intake did not differ for
calves fed the control milk replacer, but calves fed the control milk replacer weighed less
and had decreased frame measures compared to their herd mates. This decrease in size
gives the calf less of body capacity to circulate its available nutrients, which may provide
justification for the increase in VFA concentration in the calves fed the CON and DFM
diets. No gender differences were found for VFA concentrations of acetate (Table 4.9; P
= 0.75), propionate (P = 0.74), or butyrate (P = 0.32), but ruminal pH was increased in
bull calves compared to heifer calves (6.83 vs. 6.60, respectively), which may be due to
the decreased number of observations for bull calves. As expected, acetate, propionate,
and butyrate concentrations increased as the trial continued on by 15.9 mmol/L (Table
4.11; P < 0.01), 10.9 mmol/L (P < 0.01), and 1.5 mmol/L (P < 0.01), respectively. As
calves age, consume more grain, and develop into fully functional ruminants, VFA
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concentrations are expected to rise as VFA to replace glucose as the primary energy
metabolite in the blood (Owens et al., 1986).
Blood Metabolite Data
Blood gas, electrolyte, and metabolite data is presented in Table 4.8. Blood pH
has been shown to decrease in times of increased THI (Kadzere et al., 2002; Schneider et
al., 1988). However, no blood pH differences were found during this trial (P = 0.28)
indicating the lack of heat stress experienced by calves on trial. Partial pressure of CO2
increased in calves fed the modified milk replacer compared to calves fed the control
milk replacer (53.13 vs. 50.24 mmHg, respectively; P < 0.01). Partial pressure of CO2
decreases during times of increased THI (Kadzere et al., 2002) and HCO3- (along with
tCO2) would be expected react similarly to maintain a constant ratio of 20:1 with pCO2.
However, this trend was not realized for HCO3- or tCO2 and results seemed to suggest
that calves were not in stress as a results of increased THI. Calves fed the CON diet had
increased serum protein compared to all other calves (6.49 vs. 6.13 g/100 ml,
respectively; P < 0.01). This may be an indicator of dehydration in calves fed the CON
diet. No differences were found for anion gap, Na+, K+, Cl-, hematocrit, or blood
glucose. Cowles (2006) and others found icreased glucose concentrations in the plasma
when calves were fed increased CP in the milk replacer as a results of more available
nurients to the calf and Galvao (2005) and others found similar results when calves were
supplemented with DFM in the grain for the first 82 days of life. This study was not able
to replicate those results, suggesting a lack of performance by the DFM product. Had
calves experienced heat stress, decreased blood glucose would have been expected as a
results of decreased DMI and decreased Na+ and K+ would have been expected as a
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results of an icrease in Na+ in the sweat and K+ in the urine (Tucker et al., 1988;
Schneider et al., 1988). No gender differences were found for blood work data except for
an increase in plasma protein in bulls (Table 4.9; 6.38 vs. 6.07 g/100mL, respectively; P
< 0.01) and an increase in blood glucose in heifers (79.77 vs. 70.89 mg/dL, respectively;
P < 0.01). Weekly blood glucose concentrations were different in this trial as expected,
with calves having decreased blood glucose by 21.75 mg/dL (Table 4.11; P < 0.01) from
week 4 to week 8. This further confirms that grain consumption was adequate enough to
produce VFA concentrations great enough to fulfill the energy requirements of the
animals on this trial. This lead to a decrease in blood glucose, and an increase of glucose
uptake by the cells for storage as VFA became the primary source of energy.
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Table 4.1

Chemical composition of starter and milk replacer offered and starter orts
from Holstein calves
Diet1

Item
CON
DFM
MR+
DFMR+
Starter,
(% of DM)2
DM%
90.7 ± 0.58
3
CP
22.6 ± 0.40
Fat
17.6 ± 2.78
4
NDF
22.7 ± 0.52
ADF5
8.10 ± 0.71
Ash
12.0 ± 0.71
MR Powder,
(% of DM)6
DM%
95.1 ± 0.17
93.6 ± 0.18
CP
21.7 ±0.24
28.7 ± 0.14
Fat
22.1 ± 0.12
11.1 ± 0.10
Ash
11.8 ± 0.20
13.0 ± 0.01
Orts,
(% of DM)7
DM%
91.9 ± 0.56
91.7 ± 0.69
91.8 ± 0.60
91.9 ± 0.63
CP
21.9 ± 0.60
21.8 ± 0.43
21.8 ± 0.48
21.7 ± 0.60
Fat
15.9 ± 1.86
16.0 ± 1.07
16.2 ± 1.62
16.0 ± 0.92
NDF
24.6 ± 1.59
24.0 ± 1.19
23.2 ± 1.79
23.3 ± 1.33
ADF
8.8 ± 1.20
8.40 ± 0.68
8.30 ± 0.84
8.50 ± 0.70
Ash
12.1 ± 0.52
11.7 ± 0.53
12.0 ± 0.46
11.8 ± 0.96
1
CON = control milk replacer without DFM additive; DFM = control milk replacer with
DFM additive; MR+ = modified milk replacer without DFM additive; DFMR+ =
modified milk replacer with DFM additive. Ort samples were collected 1x daily and
compiled by week for analysis (n = 14). Starter (offered) samples were collected 1x
weekly and compiled by month for analysis (n = 4). Milk replacer (offered) samples
were collected 1x weekly and compiled for analysis (n = 3); 2Chemical composition,
starter offered presented as a % of DM, DM = Dry Matter; 3Crude Protein; 4Neutral
Detergent Fiber; 5Acid Detergent Fiber; 6Chemical composition, milk replacer powder
offered presented as a % of DM; 7Chemical composition, Starter orts presented as a % of
DM.
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Treatment1
CON DFM MR+ DFMR
+

SE

Treatment2

P<
Regular vs. Accelerated3 No DFM vs. DFM4 CON vs. All5

Daily intake and the onset of grain consumption in Holstein calves fed varying milk replacers with or without DFM
supplementation

Onset of grain
6.38 6.90 8.52 8.34 1.13
0.31
0.07
0.86
0.17
intake, d6
Intake, kg/d
DMI7
0.96 1.09 1.36 1.33 0.14
0.08
0.01
0.70
0.04
Starter
0.43 0.53 0.52 0.49 0.15
0.96
0.87
0.83
0.63
8
MR
0.52 0.56 0.84 0.85 0.05
0.01
0.01
0.55
0.01
CP9
0.21 0.24 0.35 0.35 0.03
0.01
0.01
0.71
0.01
Fat
0.19 0.21 0.18 0.17 0.02
0.69
0.30
0.75
0.93
10
ADF
0.04 0.05 0.04 0.04 0.01
0.95
0.95
0.75
0.60
NDF11
0.11 0.13 0.12 0.12 0.04
0.97
0.99
0.73
0.66
Ash
0.11 0.13 0.17 0.17 0.01
0.02
0.01
0.77
0.02
1
CON = control milk replacer without DFM additive; DFM = control milk replacer with DFM additive; MR+ = modified milk
replacer without DFM additive; DFMR+ = modified milk replacer with DFM additive; SE = Standard Error; 2P-value of treatment
effects; 3Contrast of treatments CON and DFM vs. MR+ and DFMR+; 4Contrast of treatments CON and MR+ vs. DFM and
DFMR+; 5Contrast of treatments CON vs. DFM, MR+, and DFMR+; 6First day calves at grain; 7Dry Matter intake; 8Milk
Replacer; 9Crude Protein; 10Acid detergent fiber; 11Neutral detergent fiber.
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1

2

Treatment1
3
4
SE

P<
Treatment2 Regular vs. Accelerated3 No DFM vs. DFM4

CON vs.
All5
0.56

Body weights, average daily gain, and feed efficiency in Holstein calves fed varying milk replacer with or without
DFM supplementation

Birth Weight, kg 33.19 28.58 35.23 30.45
3.27
0.25
0.43
0.06
Body Weight, kg
Overall6
43.79 46.08 52.04 52.02
1.39
0.03
0.01
0.36
0.01
7
Wk 1 and 2
36.54 37.57 40.98 38.34
1.41
0.01
0.04
0.55
0.06
Pre-weaning8 40.28 42.32 50.17 47.34
1.73
0.01
0.01
0.81
0.01
9
Weaning
48.63 50.88 61.40 58.50
2.42
0.01
0.01
0.94
0.01
Post-weaning10 52.97 58.90 69.73 62.74
2.99
0.01
0.01
0.85
0.01
Final11
59.39 63.41 71.26 66.93
3.18
0.01
0.01
0.96
0.03
12
ADG, kg/d
Overall
0.48 0.52 0.67 0.65
0.05
0.01
0.01
0.84
0.01
Wk 1 and 2
0.23 0.22 0.38 0.48
0.05
0.01
0.01
0.31
0.01
Pre-weaning
0.35 0.38 0.60 0.61
0.05
0.01
0.01
0.65
0.01
Post-weaning
0.71 0.94 0.75 0.52
0.09
0.01
0.04
0.93
0.82
Feed Efficiency13 1.70 4.13 1.91 2.60
0.70
0.03
0.33
0.02
0.14
1
CON = control milk replacer without DFM additive; DFM = control milk replacer with DFM additive; MR+ = modified milk
replacer without DFM additive; DFMR+ = modified milk replacer with DFM additive; SE = Standard Error; 2P-value of treatment
effects; 3Contrast of treatments CON and DFM vs. MR+ and DFMR+; 4Contrast of treatments CON and MR+ vs. DFM and
DFMR+; 5Contrast of treatments CON vs. DFM, MR+, and DFMR+; 6Measurements taken during week 1 through 8;
7
Measurements taken during week 1 and 2; 8Measurements taken during week 1 through 6; 9Measurements taken during week 6;
10
Measurements taken during week 7 and 8; 11Measurements taken during week 8; 12Average Daily Gain; 13Feed Efficiency =
Weekly Intake (kg)/ Weekly ADG (kg/d)

Table 4.3

52

83.47
78.44
81.51
86.72
89.48
90.70

82.98
78.16
80.80
84.66
89.61
90.70

88.24
80.26
84.94
92.41
95.10
96.47

82.68
78.86
80.52
84.96
86.92
87.40

86.97
80.98
84.56
89.23
90.81
90.98

84.68
78.92
83.26
90.04
92.61
94.87

79.05
75.29
78.82
83.46
84.05
83.82

78.29
78.99
82.86
86.11
88.16
87.86

1.45
1.07
1.12
1.50
1.78
2.11

1.09
1.09
0.94
1.04
1.12
1.27

1.32
1.22
1.14
1.27
1.17
1.27

SE

0.01
0.35
0.01
0.01
0.04
0.10

0.05
0.72
0.08
0.02
0.04
0.19

0.05
0.59
0.17
0.01
0.01
0.07

Treatment2

0.01
0.18
0.01
0.01
0.01
0.02

0.15
0.85
0.05
0.01
0.05
0.56

0.08
0.76
0.08
0.01
0.01
0.10

Regular vs.
Accelerated3

0.26
0.59
0.65
0.91
0.43
0.68

0.06
0.43
0.33
0.25
0.25
0.18

0.14
0.51
0.40
0.17
0.65
0.69

P<
No DFM vs. DFM4

0.05
0.33
0.02
0.01
0.12
0.15

0.47
0.92
0.23
0.18
0.15
0.62

0.24
0.66
0.32
0.12
0.02
0.05

CON vs. All5

CON = control milk replacer without DFM additive; DFM = control milk replacer with DFM additive; MR+ = modified milk replacer without DFM additive; DFMR+ = modified milk replacer with DFM additive; SE =
Standard Error; 2P-value of treatment effects; 3Contrast of treatments CON and DFM vs. MR+ and DFMR+; 4Contrast of treatments CON and MR+ vs. DFM and DFMR+; 5Contrast of treatments CON vs. DFM, MR+, and
DFMR+; 6Measurements taken during week 1 through 8; 7Measurements taken during week 1 and 2; 8Measurements taken during week 1 through 6; 9Measurements taken during week 6; 10Measurements taken during week 7
and 8; 11Measurements taken during week 8

1

79.30
75.87
78.05
80.72
83.64
85.07

83.03
79.91
81.89
84.05
87.45
88.49

79.65
75.90
78.05
81.51
83.21
84.73

83.08
79.43
82.02
84.25
85.80
86.36

1

Treatment1
2
3
4

Hip height, withers height, and heart girth in Holstein calves fed varying milk replacer with or without DFM
supplementation

Hip Height, cm
Overall6
Wk 1 and 27
Pre-weaning8
Weaning9
Post-weaning10
Final8
Withers Height,
cm
Overall
Wk 1 and 2
Pre-weaning
Weaning
Post-weaning
Final
Heart Girth, cm
Overall
Wk 1 and 2
Pre-weaning
Weaning
Post-weaning
Final
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1

2

3

Treatment1
4

SE

Treatment2

Regular vs.
Accelerated3

No DFM vs. DFM4 CON vs. All5

P<

Daily health measures in Holstein calves fed varying milk replacers with or without DFM supplementation

Birth IgG,
998
1177
1128
1133
127
0.67
0.70
0.39
0.24
mg/100 mL
Respiration
53.41
50.73
51.77
52.43
1.30
0.31
0.98
0.34
0.16
Rate, bpm
Respiration
1.05
1.02
1.03
1.04
0.01
0.01
0.99
0.08
0.01
Score6
Fecal Score7 2.00
2.46
2.10
2.67
0.08
0.01
0.02
0.01
0.01
Rectal Temp
38.97
38.79
38.81
38.77
0.08
0.01
0.01
0.01
0.01
̊C
1
CON = control milk replacer without DFM additive; DFM = control milk replacer with DFM additive; MR+ = modified milk
replacer without DFM additive; DFMR+ = modified milk replacer with DFM additive; SE = Standard Error; 2P-value of treatment
effects; 3Contrast of treatments CON and DFM vs. MR+ and DFMR+; 4Contrast of treatments CON and MR+ vs. DFM and
DFMR+; 5Contrast of treatments CON vs. DFM, MR+, and DFMR+; 6Five-point scale where 1 = normal, 2 = runny nose, = 3 =
heavy breathing, 4 = moist cough, and 5 = dry cough (Larson et al., 1977); 7Four-point scale where 1 = normal, 2 = soft, 3 = runny,
and 4 = watery (Larson et al., 1977)

Table 4.5
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Treatment1

Rumen pH in Holstein calves fed varying milk replacers with or without DFM supplementation

P<
Regular vs. No DFM vs. CON vs.
1
2
3
4
SE
Treatment2 Accelerated3
DFM4
All5
Overall pH
6.65
6.67
6.71
6.83
0.12
0.71
0.36
0.54
0.55
Week 4
6.58
6.38
6.51
6.47
0.12
0.52
0.92
0.23
0.29
Week 6
6.69
6.73
7.03
6.87
0.20
0.62
0.23
0.76
0.43
Week 8
6.69
6.92
6.58
7.16
0.22
0.28
0.76
0.07
0.45
1
CON = control milk replacer without DFM additive; DFM = control milk replacer with DFM additive; MR+ = modified milk
replacer without DFM additive; DFMR+ = modified milk replacer with DFM additive; SE = Standard Error; 2P-value of treatment
effects; 3Contrast of treatments CON and DFM vs. MR+ and DFMR+; 4Contrast of treatments CON and MR+ vs. DFM and
DFMR+; 5Contrast of treatments CON vs. DFM, MR+, and DFMR+;

Table 4.6
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Treatment1

Volatile fatty acid concentrations in Holstein calves fed varying milk replacers with or without DFM supplementation

P<
Regular vs. No DFM vs. CON vs.
1
2
3
4
SE
Treatment2 Accelerated3
DFM4
All5
Acetate6,7
25.6
27.2
22.8
22.9
3.09
0.63
0.23
0.77
0.71
Propionate6,7
17.4
20.4
15.8
14.2
2.61
0.32
0.13
0.77
0.86
8
A:P
1.47
1.33
1.44
1.61
0.08
0.46
0.24
0.61
0.64
Butyrate6,7
4.00
3.55
2.32
2.51
0.61
0.15
0.02
0.83
0.09
6,7
Isobutyrate
0.48
0.53
0.41
0.41
0.07
0.50
0.16
0.76
0.67
Isovalerate6,7
0.19
0.20
0.57
0.21
0.07
0.01
0.01
0.01
0.11
6,7
n-valerate
1.89
1.73
1.15
0.94
0.30
0.07
0.01
0.53
0.07
1
CON = control milk replacer without DFM additive; DFM = control milk replacer with DFM additive; MR+ = modified milk
replacer without DFM additive; DFMR+ = modified milk replacer with DFM additive; SE = Standard Error; 2P-value of treatment
effects; 3Contrast of treatments CON and DFM vs. MR+ and DFMR+; 4Contrast of treatments CON and MR+ vs. DFM and
DFMR+; 5Contrast of treatments CON vs. DFM, MR+, and DFMR+; 6Overall VFA concentration; 7All volatile fatty acids
measured in mmol/L; 8Ratio of acetate to propionate for overall concentrations of acetate and propionate

Table 4.7
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Table 4.8

Blood gas, electrolytes, and metabolites in Holstein calves fed varying milk replacers with or without DFM
supplementation

1

CON = control milk replacer without DFM additive; DFM = control milk replacer with DFM additive; MR+ = modified milk replacer without DFM
additive; DFMR+ = modified milk replacer with DFM additive; SE = Standard Error; 2P-value of treatment effects; 3Contrast of treatments CON and DFM
vs. MR+ and DFMR+; 4Contrast of treatments CON and MR+ vs. DFM and DFMR+; 5Contrast of treatments CON vs. DFM, MR+, and DFMR+; 5Partial
pressure of carbon dioxide; 6 Bicarbonate; 7Total bicarbonate; 8Sodium; 9Potassium; 10Chlorine
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Table 4.9

Gender differences for calves fed varying milk replacer with or without DFM supplementation

scale where 1 = normal, 2 = runny nose, = 3 = heavy breathing, 4 = moist cough, and 5 = dry cough (Larson et al., 1977); 2Four-point scale where 1 = normal, 2 =
soft, 3 = runny, and 4 = watery (Larson et al., 1977); 3Partial pressure of CO2; 4Bicarbonate; 5Total bicarbonate; 6Sodium; 7Potassium; 8Chlorine

1Five-point
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Differences in response of calves fed varying milk replacers with or without DFM supplementation with or without
the presence of heat stress

Temperature-Humidity Index (THI)
THI < 72
THI ≥ 72
P<
Total Starter Intake, kg/d
0.81
0.18
0.01
Respiration Rate, bpm
45.81
58.35
0.01
1
Respiration Score
1.02
1.03
0.20
Fecal Score2
2.22
2.40
0.01
38.79
38.89
0.02
Rectal Temp, ̊C
1
Five-point scale where 1 = normal, 2 = runny nose, = 3 = heavy breathing, 4 = moist cough, and 5 = dry cough (Larson et al.,
1977); 2Four-point scale where 1 = normal, 2 = soft, 3 = runny, and 4 = watery (Larson et al., 1977)

Table 4.10
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Weekly differences in response of calves fed varying milk replacers with or without DFM supplementation

Week
Week 1
Week 8
P<
Body Weight, kg
36.07
64.50
0.01
Hip Height, cm
79.78
88.65
0.01
Withers Height, cm
76.20
85.37
0.01
Heart Girth, cm
78.31
89.97
0.01
Blood Glucose, mg/dL
86.06
64.32
0.01
Ruminal pH1
6.48
6.84
0.01
1
Acetate, mmol/L
14.77
30.67
0.01
Propionate, mmol/L1
11.69
22.62
0.01
Butyrate, mmol/L1
2.40
3.86
0.01
1Ruminal pH and VFA samples (acetate, propionate, and butyrate) were only take during week 4, 6, and 8. For those variables,
week 1 = week 4 and week 8 = week 8.

Table 4.11
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Figure 4.1

61

Weekly body weights for Holstein calves fed varying milk replacer with or without DFM supplementation

Figure 4.2
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Weekly hip height of Holstein calves fed varying milk replacer with or without DFM supplementation

Figure 4.3
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Weekly withers Height of Holstein calves fed varying milk replacer with or without DFM supplementation

Figure 4.4
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Weekly heart girth of Holstein calves fed varying milk replacer with or without DFM supplementation

Figure 4.5
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Acetate concentrations of Holstein calves fed varying milk replacer with or without DFM supplementation

Figure 4.6
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Propionate concentration of Holstein calves fed varying milk replacer with or without DFM supplementation

Figure 4.7
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Butyrate concentrations of Holstein calves fed varying milk replacer with or without DFM supplementation

CHAPTER V
CONCLUSION

In conclusion, this study indicates and further confirms the benefits of increased
CP concentrations in the milk replacer. By increasing the concentration of CP in the milk
replacer from 22 to 27%, calves fed the modified milk replacer were 10 kg heavier at
weaning and 7.7 kg heavier at the conclusion of the trial. This increase in body weights
did not require any additional starter intake by the calves fed the modified MR (P = 0.96),
improving overall feed efficiency of calves fed the modified milk replacer. Advantages
were seen in the post-weaning phase for the DFM treatment to out perform the CON
treatment, but overall the DFM appeared to have little to no effect on body weight, ADG,
or frame measures.
Starter intake did not increase when calves were supplemented with DFM, as seen
in multiple other trials. The lack of difference found in intake led the authors to believe
no differences were to be found in VFA concentrations. However, acetate, propionate,
and butyrate concentrations were greatest in calves fed the control milk replacer during
week 8 of trial. This difference was thought to be due to the decreased frame and weight
measures in calves fed the control milk replacer. Decreased size left the animals with
compromised body capacity compared to their herd mates, which in turn increased the
concentration of VFA within those calves. DFM supplementation was unable to
successfully promote intake, growth, or rumen development in this study.
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DFM supplementation and increased CP concentrations in the milk replacer were
both able to successfully decrease heat stress in the animal through decreased respiration
scores and rectal temperatures. Although respiration scores were all within a normal
range, the decrease found as a result of the treatments shows potential for a mode of
action during more severe THI levels. Rectal temperatures were decreased by milk
replacer manipulation, but were more affected by DFM supplementation. This shows
potential for treatments to have further effect when THI is increased. The increased
amount of sugar in the DFM most likely lead to the increased fecal scores seen by calves
in this study, offering a possible reason for unfavorable results from DFM
supplementation. Birth IgG scores were not found to be different, indicating that DFM
supplementation may not have worked to its fullest potential because all calves were
healthy. Varying results in this experiment may also be due to differences in the animals
used in this trial compared to others, preparation of the DFM supplement, administration
methods, or environmental conditions at the time of the study (Whitley et al., 2008).
It can be concluded that increased CP in the milk replacer should continue to be
used to achieve increased growth rates and feed:gain pre-weaning and increased body
weights at weaning. However, DFM supplementation appeared ineffective and no
cumulative treatment effects were realized in this study. DFM may have potential to
decrease stress during times of elevated THI, but further work should be conducted
during times of more sever heat stress to confirm. It appears that DFM supplementation
may have a greater effect when supplemented into the starter, as it is less likely the DFM
would bypass the rumen altogether. In addition, DFM in the starter decreases the chance
that the DFM is delivered to the harsh environment of the abomasum. More studies of
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this nature should be conducted using non-medicated milk replacer during times of
elevated THI to confirm these findings. These calves should be weighed throughout their
young lives and followed through their first lactation to determine any long-lasting
effects from treatments administered in this study.
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